The effect on sleep of the wire-mesh element within the 'buzzer and pad' enuresis alarm device was studied using healthy adult volunteers in a single or double crossover design. Polygraphic recording revealed a reduction in the number of shifts between sleep stages, and in the time spent in wakefulness, movement and stage 1, on the nights when the mesh was in the bed. This effect may be responsible for preventing some of the enuretic episodes which would otherwise have occurred at such times.
Introduction
There is little doubt that the 'buzzer and pad' alarm device is the most effective method of treating nocturnal enuresis (Berg 1981) . Less clear is the reason for its success: the classical Pavlovian model would predict conditioning of the patient to waking after beginning to wet the bed, and other behavioural explanations have been proposed (Morgan 1978) . Quite a different mode of action was proposed by Crisp & Hafner (1974) who in a single case study demonstrated an inverse relationship between enuresis and nocturnal activity, and suggested that the wire-mesh element of the alarm device could be contributing to the reduction in enuresis by means of an increase in nocturnal activity. A lack of nocturnal activity in enuretic children compared with their sibs and unrelated non-enuretic children was also noted in Hallgren's survey (1956 Hallgren's survey ( , 1957 ,and is often spontaneously reported by the parents of enuretic children. As the sleep architecture of the nocturnal enuretic is probably normal (Mikkelsen et al. 1980) , the present study of the effect of the wire mesh on the sleep of the normal subject has relevance to its effect in the treatment of the enuretic patient.
Method
Sixteen subjects were studied in a single-blind double (Study A) or single (Study B) crossover design. In Study A, after one night of adaptation to the unfamiliar surroundings of the Sleep Laboratory (night 1), subjects were randomly allocated to spending either nights 2,3,6 and 7 or nights 4, 5, 8 and 9 with the wire mesh in place. Subjects in Study B were allowed two nights for adaptation (nights 1 and 2) and then randomly allocated to spending either nights 3 and 4 or nights 5 and 6 on the mesh.
Eight males aged 16 to 53 were recruited for Study A, and one female and seven male medical students aged 19 to 22 for Study B. No subject had a history of significant sleep dysfunction and none had taken medication for two weeks prior to the' study. For the duration of the study period they were asked to avoid heavy exercise, not being permitted alcohol, coffee or tea after 18:00 hours.
The enuresis alarm employed was the Eastleigh MOH 1 model in routine use by the Department of Child Psychiatry: on the appropriate night the complete apparatus was set up as if for use, with a pair of wire meshes under the bottom sheet of the bed, connected to the alarm, the action of which was demonstrated to each subject before the study.
Subjective aspects of sleep were rated each morning on visual analogue scales. Nocturnal activity, which will be the subject of a separate report, was measured each night by means of a motility bed. Electrodes were placed in the standard scalp positions each night :'EEG; electrooculogram and electromyogram were recorded throughout nights 7 and 9 (Study A) or nights 4 and 6 (Study B) and rated blind to the experimental condition.
A prolonged body movement of more than 10 seconds duration on the polygraph was rated in Study A as a distinct and mutually exclusive episode, whereas in Study B it was attempted to distinguish between the underlying waking or stage I sleep. The data from the two studies on wakefulness, stage I sleep and movement are therefore not directly comparable, so these three variables have been combined to give a more general and comparable measure of restlessness during the night.
Statistical analysis was by means of two-tailed paired t tests.
Results
On the nights with the mesh in place, there were significantly fewer shifts between stages, particularly between the lighter stages of sleep (Table I ). There was also significantly less restlessness, with a tendency in both studies towards less time spent awake, less time in light sleep, and a shorter sleep latency with the mesh in p l a c e . . . . On none of the subjective variables was the quality of sleep consistently rated as better or worse on the mesh.
Discussion
A clear, consistent and unexpected finding has been for sleep to be less light and less disturbed on the nights with the wire mesh in the bed. Measurements generally affect what they are intended to measure, and in this case it may be that the disruptive effect of being tethered by a set of electrodes attached to the scalp masked other effects of the mesh. However, the subjects' reported sleep and the distribution of sleep stages were normal enough: there were no reported cognitive phenomena associated with spending the night on a potentially-live electric circuit connected to an alarm. The fact that sleep was more disturbed without the mesh could have been explained in Study A as a 'rebound' effect, but this explanation has been excluded by the demonstration in Study B of the same trends when comparing sleep on the mesh with sleep before the first exposure to the mesh. The greater total sleep time, time in stage 4 and REM (rapid eye movement sleep) in the subjects in Study B can be accounted for by their younger age.
There are several schools of thought concerning the stage of sleep in which enuresis occurs. Early claims that enuresis predominantly occurs in wakefulness or stage I sleep (Schiff 1965) ,have been denied by others who find enuresis occurring in all stages of sleep in proportion to the length of time spent .in each stage (Mikkelsen et al. 1980 , Kales et al. 1977 , or in wakefulness or stage 1 sleep, only in the older (Oitman & Blinn 1955) or more psychiatrically disturbed patients (Ritvo et al. 1969) .
It seems possible, therefore, that one therapeutic component of the alarm device could be its ability to alter sleep structure: the direction of change towards deeper sleep perhaps being particularly helpful to those enuretics who generally wet in wakefulness or light sleep.
However, other studies (Pierce et al. 1961 , Evans 1971 , Bental 1961 , Finley 1971 have demonstrated an increased incidence of enuresis in slow-wave sleep, especially during arousal from stage 4 , Broughton 1968 , and in the present study the presence of the wire mesh had no effect on slow-wave sleep or on the number of arousals from stage 4. This raises the possibility that the alteration of sleep structure by the mesh prevents some enuretic episodes which would otherwise have occurred in light sleep, whereas some other component of the device, perhaps the buzzer, influences enuresis in slow-wave sleep.
